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We have isolated and characterized a new human endogenous provirus, which is closely related to the human retrovirus
S71, but unlike S71 has a full-length pol gene. Two degenerate oligonucleotide primers based on highly conserved motifs
within the active sites of two retroviral proteins (the protease and reverse transcriptase) were designed and used for PCR.
An amplified product of 847 bp in length, which showed significant homology to protease and reverse transcriptase of
several retroviruses, was used for high stringency hybridization with a human genomic library. The MuLV-related endogenous
retrovirus sequence, designated HC2, was isolated and completely sequenced. HC2 is a provirus with complete gag and
pol genes and a 3* LTR; the 5* LTR and env gene are missing. The gag and pol genes appear complete, since they contain
sequences homologous to the matrix protein, capsid protein, and nucleocapsid protein of gag and to the protease, reverse
transcriptase, tether, RNase H, and integrase of pol. Phylogenetic analysis suggests that although HC2 and S71 are MuLV-
related retroviruses, their characters are quite distinct, being placed outside of a clade containing most of the previously
characterized MuLV-related retroviruses such as GaLV, FeLV, BaEV, and SSV/SSAV. q 1996 Academic Press, Inc.
INTRODUCTION these HERVs can play an important role in the control of
transcription of linked genes. The LTR region U3 contains
The replicative strategy of retroviruses involves inte-
transcription control elements (promoter and enhancer)
gration into the host cell genome. Integrated retroviruses
(Seiky, 1982; O’Connell and Cohen, 1984). Endogenous
(termed proviruses) have been found to persist in the
LTRs can promote the expression of several genes; forgerm cells as endogenous constituents of the genome,
example, the human phospholipase A2 gene in teratocar-and are transmitted vertically as stable Mendelian genes
cinoma cells (Feuchter et al., 1993). Quiescent endoge-(Werner et al., 1990). The human genome, like that of
nous retroviruses (ERVs) can be activated by recombina-other mammalian species, contains several families of
tion, radiation, chemical agents, or oncogenes (the largeendogenous proviruses and retrovirus-like elements
T antigen can transactivate the LTR of a large family ofwhich have copy numbers from one to several thousand
RTVL-H elements) (Feuchter and Mager, 1992). ERVs mayper genome. Human endogenous sequences (HERVs)
also be considered mobile genetic elements with a po-have been detected by using their partial homology to
tential to produce insertional mutations.animal retroviruses either by low stringency hybridization
The expression of ERVs has been detected in variouswith probes derived from murine or primate proviral
human tissues and cell lines, and in some cases it ap-DNAs (Martin et al., 1981), or with oligonucleotide probes
pears to be associated with human neoplasias, i.e., mem-complementary to retroviral primer binding sites (Kro¨ger
bers of the RTVL-H family are expressed in placentaand Horak, 1987), or, alternatively, by PCR, using degen-
(Johansen et al., 1989) as well as in lung squamous cellerate oligonucleotide primers complementary to highly
carcinoma tissues (Hirose et al., 1993). Retrovirus-likeconserved motifs within retroviral genes (Wichman et al.,
particles have been observed by electron microscopy in1992; Tristem et al., 1996).
human teratocarcinomas (Boller et al., 1983). Further-HERVs are mostly defective, as their genomes gener-
more, expression of HERV-K was detected in chronically contain multiple stop codons, insertions, and dele-
myeloid leukemia and the presence of retroviral particlestions. Some of them are only passively transmitted in
in these cells was described (Brodsky et al., 1993).their host genome (Leib-Mo¨sch et al., 1990). The LTR of
We utilized a method, based on the polymerase chain
reaction, which allows rapid identification of large num-
The nucleotide sequence data reported in this article have been bers of endogenous retroviral fragments (Tristem et al.,deposited with the EMBL Database under Accession No. Z70664.
1996) which are long enough to be used as probes for1 To whom correspondence and reprint requests should be ad-
dressed. Fax: //42 7 374 284; E-mail: virupepo@savba.sk. screening genomic libraries. Human endogenous retrovi-
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FIG. 1. Amino acid sequence alignment of reverse transcriptase region from four retroviruses and HC2 (deduced amino acid sequence). The
alignment sequence contains five of seven reverse transcriptase domains. Retroviral sequence belonging to members of the MuLV genus (MuLV),
the HTLV genus (BLV), and the MMTV/RSV group (RSV) and one representative of the lentiviruses (HIV-2) are shown. Boxes represent the domains,
X represents in-frame stop codons, asterisks represent matches across all sequences, and dots are conservative substitutions.
rus HC2, a C-type retrovirus with a sequence similarity meier et al., 1995). HC2, S71, and retroviral genome frag-
ments pCRTK1 and pCRTK2 thus create a single phyloge-to MuLV, was isolated by high stringency hybridization
with the product of one such PCR reaction. HC2 is an netic group.
incomplete provirus comprising the entire gag and pol
MATERIALS AND METHODS
genes, as well as 3* LTR-like sequence. Our analyses
DNAindicate that this retrovirus is present as a single copy
within the haploid human genome, and show that HC2 Human DNA was isolated from HeLa cells, lympho-
cytes, and placenta according to the method of Sam-is closely related to the HERV S71, and to the retroviral
fragments pCRTK1 and pCRTK6 (Werner et al., 1990; Halt- brook et al. (1989).
TABLE 1
Percentage of Identity between HC2 and Other Retroviruses
Residues between RT domains
Percentage Length between
Retrovirus identity primer sites 1–2 2–3 3–4 4–5
AKV 59.4% 174 1 2 6 4
MuLV 60.0% 174 1 2 6 4
GaLV 53.6% 174 1 2 6 4
FeRV 59.0% 173 1 2 6 4
BaEV 58.0% 174 1 2 6 4
HC2 — 162 1 2 6 4
BLV 31.4% 166 0 1 7 4
HTLV2 40.0% 161 0 1 7 4
RSV 30.3% 154 0 0 7 4
EIAV 26.5% 155 0 0 7 4
HIV2 29.0% 161 1 0 7 4
SIVmnd 30.9% 161 1 0 7 4
AID VY 8261 / 6a25$$$102 11-01-96 05:07:28 viras AP: Virology
85NEW HUMAN ENDOGENOUS RETROVIRUS HC2
FIG. 2. (a) Phylogenetic relationships among human endogenous retrovirus HC2 and members of all four retroviral groups. Numbers indicate
percentage bootstrap support for a particular node (500 replicates). (b) Maximum parsimony tree based on an amino acid alignment of the RNase
H protein. The tree was rooted on the retrovirus ERV-9. Numbers indicate percentage bootstrap support for a particular node (500 replicates).
PCR sequencing were prepared by denaturing double-
stranded plasmid DNA and sequenced by the dideoxy-
Genomic DNA (750 ng), isolated from human lympho-
nucleotide chain termination method using either a
cytes, was used as a template in a PCR performed with
Sequenase II kit (USB) or a T7 sequencing kit (Phar-
200 pmol of each primer in a 50-ml reaction. The thermal
macia).
profile was subjected to 35 cycles using 947, 30 sec for
denaturation, 457, 30 sec annealing, and extension 727,
Screening of a genomic library and subcloning of60 sec. The PCR product was separated on a LMP aga-
genomic DNA fragmentsrose gel. The fragment, of approximately 900 bp in length,
was excised and purified by the Magic PCR Preps DNA The PCR fragment identified as a part of a novel retrovi-
purification system (Promega). ral genome was excised from the pCRII plasmid with
EcoRI and 32P-labeled using a Megaprime DNA labeling
DNA sequencing
system (Amersham). Genomic DNA from HeLa cells was
digested with Sau3A and the genomic library was pre-The purified PCR product was subcloned into the
pCRII-T vector (Invitrogen). Nested deletions were made pared using the Lambda FIX II vector (Stratagene) ac-
cording to manufacturer’s protocol. Recombinant phagesusing the Erase-a-Base system (Promega). Templates for
FIG. 3. Restriction map of the human endogenous retrovirus HC2 and subcloning strategy. MA, matrix protein; CA, capsid protein; NC, nucleocapsid
protein; PR, protease; RT, reverse transcriptase; TET, tether; RH, RNase H; IN, endonuclease.
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FIG. 4. Nucleotide sequence and deduced amino acid sequence of human endogenous retrovirus HC2. HC2 is flanked by 7-bp imperfect repeats.
The deduced amino acid sequences of the coding regions are underlined. The positions of gag, pol, and LTR regions are indicated. Asterisks
represent in-frame stop codons. The ends of the gag, pol, and LTR regions were determined by alignment with the human endogenous retrovirus
S71 (Werner et al., 1990), human endogenous retroviral sequences pCRTK1 and pCRTK6 (Haltmeier et al., 1995), and simian sarcoma-associated
virus SSAV (Brack-Werner et al., 1989b).
were plated on 22 1 22-cm Nunc plates, and plaques and 0.1% SDS at 657 for 15 min. Positive clones identified
by exposure to X-ray film were picked and subjectedwere transferred to Hybond N membranes (Amersham).
Hybridization was performed under high stringency con- to two additional rounds of screening. Genomic DNA
fragments from positive clones were subcloned into aditions, with the last washing of membranes in 0.11 SSC
AID VY 8261 / 6a25$$$102 11-01-96 05:07:28 viras AP: Virology
87NEW HUMAN ENDOGENOUS RETROVIRUS HC2
FIG. 4 —Continued
pBluescript (KS) (Stratagene) before being sequenced as Computer analyses and construction of phylogenetic
treesdescribed above.
The similarity of HC2 nucleotide and derived amino acid
Southern blot analysis
sequences to other retroviruses was analyzed by compar-
ing with the GenBank database using the DNASIS packageHigh molecular weight DNA from human placenta was
digested with appropriate restriction endonucleases, (Hitachi) and Blast, as well as the PIR library.
Phylogenetic trees were constructed on the bases ofseparated by electrophoresis through an 0.8% gel, trans-
ferred by VacuGene XL system (Pharmacia) onto Hybond amino acid data sets using the maximum parsimony and
neighbor-joining approaches with the software packagesN membrane, and hybridized under high stringency con-
ditions as described above. PAUP (Swoford, 1991) and Phyllip (Felsenstein, 1990). The
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FIG. 4 —Continued
TTIT/GTIGAT/CACIGGIGCIG/CA 3* and 5* CCIATIA/Trobustness of individual nodes was assessed by bootstrap
GIAT/GG/ATCG/ATCCATG/ATA 3*) based on the highlyresampling (500 replicates).
conserved motifs in active sites of retroviral protease
RESULTS
(LVDTGA/S) (Oroszlan and Luftig, 1990) and five of seven
Identification of HC2 conservative domains of reverse transcriptase (YXDDI/
In order to identify new retroviral elements, we have L) (Xiong and Eickbush, 1990). The high degree of con-
servation allowed us to use relatively high annealing tem-designed two degenerate oligonucleotide primers (5* C/
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FIG. 4 —Continued
perature with corresponding high specificity. We used human retrovirus fragment (designated HC2) extended
from the active site of protease to domain 5 of the reversethese oligonucleotide primers in a PCR utilizing a human
genomic DNA as a template. A PCR product of approxi- transcriptase with a nine-amino-acid deletion in domain
1 (Fig. 1). Southern blot hybridization using our retroviralmately 900 bp in length was cloned and sequenced.
Computer analysis of the deduced amino acid sequence fragment as a probe has confirmed that the PCR product
was derived from human genomic DNA (data not shown).showed significant homology to other retroviruses. This
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FIG. 4 —Continued
The retroviral fragment was then used to screen a constructed in plasmid vectors and their complete nucle-
otide sequences were determined.HeLa genomic library to obtain a full-length retroviral
genome. Screening 1 1 106 l-phages resulted in the
Characterization of HC2isolation of four positive clones. DNA from all of the posi-
tive clones was extracted and restriction mapped (Fig. The human endogenous retrovirus HC2 is represented
by an incomplete proviral genome of 5.8 kb in length3). A set of overlapping plasmid subclones was then
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FIG. 4 —Continued
(Fig. 4). Both computer comparison with the GenBank analysis using an alignment constructed from selected
retroviral RNase H proteins (Fig. 2b). This analysissequence database (Table 1) and phylogenetic analysis
(Fig. 2a) using the region shown in Fig. 1 demonstrated showed strong bootstrap support for the inclusion of HC2
and S71 in one monophyletic clade, with this clade beingthat HC2 is more closely related to the MuLV genus than
to other retroviral genera. The GenBank searches had more closely related to the MuLV, GaLV, and BaEV than
to other human endogenous retrovirus sequences suchindicated that HC2 possesses a high degree of sequence
similarity with the human endogenous retrovirus S71. S71 as HERV-E.
HC2 is flanked at both sides by 7-bp imperfect directhas a large deletion within the pol gene and therefore
could not be included in the phylogenetic analysis shown repeats. The direct repeat at the 5* end consists of the
sequence CTTACCC, identical to that of S71, but at thein Fig. 2a. However, these isolates do contain the RNase
H gene, and for this reason we performed phylogenetic 3* end contains a CATACCC sequence. The sequence
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TABLE 2 and Eickbuch, 1990). The reverse transcriptase of HC2
also possesses 90.8 and 86.7% identity with pCRTK1 andPercentage of Identity between HC2 and S71 Isolate
pCRTK6, respectively, which also belong to the S71 sub-
Percentage group of C-type-related human endogenous retroviruses
of amino (Haltmeier et al., 1995). Part of the tether region (positions
HC2 S71 acid identity 3331–3944) also showed a high amino acid homology
when compared to S71 (81.7%). Homology between HC2gag gene
and S71 was 65% within RNase H (positions 3945–4407Matrix protein p15/p12 564 bp 542 bp 68.1%
Capsid protein p30 775 bp 764 bp 74.4% bp) and 67.4% within integrase (positions 4408–5445 bp).
Nucleocapsid protein p10 171 bp 148 bp 75.4% LTR sequences of typical retrovirus genomes com-
pol gene prise three regions, U3, R, and U5. The 5* LTR is missing
Protease–reverse transcriptase 1217 bp — —
from HC2, but the 3* LTR, which is present and intact, isTether 614 bp 387 bp 81.7%
542 bp in length and consists of a 377-bp U3, 69-bp R,RNase H 463 bp 458 bp 65.0%
Endonuclease 1038 bp 981 bp 67.4% and 96-bp U5. Computer analysis of the 3* LTR sequence
indicated homology to several control and regulatory mo-
tifs. The 3* LTR is flanked by two 7-bp imperfect inverted
repeats, which begin with TG at the 5* end and are termi-between nucleotide positions 190 and 603 (covering the
region from direct repeat to the beginning of gag gene) nated with the complementary inverted CA at the 3* end.
The HC2 U3 region contains a CAAT promoter elementdoes not share any obvious nucleotide homology with
known retroviruses. On the other hand, HC2 gag, pol, and the sequence TATGGGAG homologous to the S71
TATAA-like box (Brack-Werner et al., 1989a). The U3 ofand 3* LTR sequences showed high degree of homology
with S71 (Table 2). HC2 also contains a TG box which is characteristic of
human and primate retroviral LTRs. The TG box in HC2Translation of the gag and pol regions from HC2 into
all three possible reading frames showed that synthesis is 20 bp in length and a part of it (the TGTGCTTTG motif)
is similar to the enhancer core consensus sequenceof complete precursor proteins would be interrupted by
several frameshifts and termination codons. The gag re- TGTGGT/AT/AT/AG (Weiher et al., 1983). The cap-like
site of HC2 corresponds to the cap site homologousgion is situated between positions 604 and 2113 (see
Fig. 4) and comprises the matrix protein p15/p12 (68.1% region of S71 at 14 of 18 positions. HC2 does not contain
a typical poly(A) signal, but the sequence AGAAAA is inidentity with S71), capsid protein p30 (74.4% identity with
S71), and nucleic acid binding protein p10 (75.4% identity) a position similar to a stretch of six A residues in the
S71 poly(A) signal. The region homologous to the poly(A)as shown in Table 2. Protein p10 contains a highly con-
served motif CX2CX4HX4C representing a zinc finger of addition site of HC2 is identical in 17 of 18 nucleotides
to the homologous region in S71.the Cys-Cys-His-Cys family which mediates the binding
of this protein to the retroviral RNA during viral replication Southern blot analysis of total DNA from human pla-
(Branden and Tooze, 1991). This nucleic acid binding
motif is fully conserved in both HC2 (positions 2051–
2092) and S71 (positions 1913–1954). The correspond-
ing sequence is situated once in mammalian C-type re-
troviruses such as MuLV and BaEV, but occurs twice in
avian C-type viruses, as well as in genomes of all other
retroviral groups (Mager and Freeman, 1987).
The pol region of HC2 is situated between positions
2114 and 5491 bp, and in contrast to the S71, contains
all the genes characteristic of pol gene sequences (pro-
tease, reverse transcriptase, tether, RNase H, and endo-
nuclease). In S71, the gag and pol regions are separated
by a 920-bp insertion of a solitary HERV-K LTR element
(Haltmeier et al., 1995), and part of the protease, part of
the tether, and the entire reverse transcriptase are de-
leted. Moreover, HC2 possesses all of the conserved
FIG. 5. Detection of HC2 proviral sequences in human chromosomalmotifs characteristic of protease and reverse tran-
DNA. Human placental DNA (15 mg) was run in 0.7% agarose gel afterscriptase genes. Seven domains, which are situated
digestion with BamHI, BglI, DraI, EcoRI, HindIII, PvuII, SacI, StuI, and
within all reverse transcriptase sequences, are present XhoI. Human DNA was then transferred to nitrocellulose, and HC2
within HC2 and thus this isolate can be used in phyloge- sequences were detected by hybridization with a 32P-labeled protease–
reverse transcriptase PCR subclone under high stringency.netic studies which frequently utilize this region (Xiong
AID VY 8261 / 6a25$$$102 11-01-96 05:07:28 viras AP: Virology
93NEW HUMAN ENDOGENOUS RETROVIRUS HC2
centa (Fig. 5) showed that the endogenous retrovirus structure is identical to the structure of S71 genome,
except that its pol region is complete. Furthermore, HC2HC2 is present in a single copy per haploid human ge-
nome. Cutting the HC2 with restriction endonucleases does not contain nucleotide sequences with homology
to the HERV-K LTR insertion localized between gag p10BamHI, BglI, and PvuII resulted in fragments of 5560,
2640, and 1224 bp. All other tested restriction endonucle- and the 5* region of protease within S71.
We also observed high levels of homology at the aminoases cleaved HC2 only once.
A major function of the LTR on the 5* end is to provide acid level between HC2 and two PCR-amplified retroviral
fragments pCRTK1 and pCRTK6. The structures ofsignals recognized by cellular transcription machinery
for the efficient expression of the provirus (Coffin, 1990). pCRTK1, pCRTK6, and HC2 are identical in the pol region,
except for the deletion of 38 amino acids in the proteaseSince HC2 is lacking the 5* LTR and does not have intact
long open reading frames, it does not appear to code for gene product of HC2.
Phylogenetic analysis and the high sequence similari-functional gene products. These facts suggest that HC2
is a silent, replication-defective retroviral genome. Con- ties between HC2 and pCRTK1, pCRTK6, and S71 show
that each of these isolates clearly belongs to a S71 ret-sistent with this, we were unable to demonstrate any
expression of the HC2 reverse transcriptase gene in hu- roviral subgroup. This subgroup, while clearly related to
the Moloney leukemia related retroviruses, appears toman cells by RT-PCR, Northern blots using RNA from
HeLa cells and human placenta, or 5-azacytidine-treated be distinct from the majority of members of this retroviral
group, such as BaEV, MuLV, GaLV, and FeLV.HeLa cell RNA (data not shown).
ACKNOWLEDGMENTSDISCUSSION
We thank Dr. Silvia Pastorekova´ for critical comments on the manu-
The human genome contains a number of endogenous script and P.K. thanks Abraham Karpas for his financial support in the
sequences related to the Moloney leukemia related vi- early stages of this work. This work was supported by Research Grant
95/5305/035 from the Slovak Grant Agency.ruses (Leib-Mo¨sch et al., 1990). In 1989, a novel human
endogenous retrovirus S71 was described (Brack-Wer-
ner et al., 1989a). This retrovirus created a new phyloge- REFERENCES
netic subgroup of C-type human retroviruses, and ap-
Becker, Y. (1995). Endogenous retroviruses in the human genome—
peared to be more closely related to infectious primate A point of view. Virus Genes 9(3), 211–218.
and murine proviruses such as AKV, BaEV, and SSV/ Boller, K., Frank, H., Lo¨wer, J., Lo¨wer, R., and Kurth, R. (1983). Structural
organization of unique retrovirus-like particle budding from humanSSAV than to the several other human retroviral elements
teratocarcinoma cell lines. J. Gen. Virol. 64, 2549–2559.ERV1, ERV3, and 4-1 (Werner et al., 1990; Leib-Mo¨sch et
Brack-Werner, R., Barton, D. E., Werner, T., Foellmer, B. E., Leib-Mo¨sch,al., 1990).
Ch., Francke, U., Erfle, V., and Hehlmans, R. (1989a). Human SSAV-
The human endogenous retrovirus S71 was detected related endogenous retroviral element: LTR-like sequence and chro-
by hybridization under low stringency with probes de- mosomal localization to 18q21. Genomics 4, 68–75.
Brack-Werner, R., Werner, T., Leib-Mo¨sch, Ch., Hehlmann, R., and Erfle,rived from SSAV. S71 is an incomplete provirus; its ge-
V. (1989b). Primary structure of the SSAV tether–RNase H–endonu-nome includes an entire gag region separated by a heav-
clease (pol) region deleted in SSV. Nucleic Acids Res. 17, 5382.ily deleted pol region substituted by a 920-bp insertion
Branden, C., and Tooze, J. (1991). ‘‘Introduction to Protein Structure,’’
of an HERV-K LTR element (Leib-Mo¨sch et al., 1993). The pp. 120–121. Garland, New York/London.
deletion within the pol region spans the 3* domain of the Brodsky, I., Foley, B., and Gillepsie, D. (1993). Expression of human
endogenous retrovirus (HERV-K) in chronic myeloid leukemia. Leuk.protease gene, the entire reverse transcriptase gene,
Lymphoma 11(Suppl. 1), 199–123.and the 5* end of the tether (Werner et al., 1990).
Brown, P. O. (1990). Integration of retroviral DNA. In ‘‘Retroviruses, Strat-There are thought to be approximately 15 to 20 copies
egies of Replication’’ (R. Swanstrom and P. K. Voght, Eds.), pp. 19–
of S71-related retroviral sequences in the human ge- 48. Springer-Verlag, Berlin/Heidelberg.
nome (Leib-Mo¨sch et al., 1990). In 1995, two new retrovi- Coffin, J. M. (1990). Retroviridae and their replication. In ‘‘Virology,’’ 2nd
ed. (B. N. Fields, Ed.), pp. 1437–1500. Raven Press, New York.ral sequences, pCRTK1 and pCRTK6, closely related to
Felsenstein, J. A. (1990). PHYLIP Manual, Version 3.3. University Herbar-S71, were identified by PCR (Haltmeier et al., 1995). In
ium, Univ. of California, Berkeley.pCRTK1 and pCRTK6, the gag and pol regions are not
Feuchter, A. E., and Mager, D. L. (1992). SV 40 large T antigen trans-
separated by the HERV-K LTR insertion. Furthermore activates the long terminal repeats of a large family of human endog-
both carry complete protease and reverse transcriptase enous retrovirus-like sequences. Virology 187, 242–250.
Feuchter, A. E., Freeman, J. D., and Mager, D. L. (1993). Splicing of adomains which are absent from S71.
human endogenous retrovirus to a novel phospholipase A2 relatedWe have isolated and characterized a new human en-
gene. Nucleic Acids Res. 21, 135–143.dogenous retrovirus, termed HC2, from a HeLa cell geno-
Haltmeier, M., Seifarth, W., Blush, J., Erfle, V., Hehlmann, R., and Leib-
mic library. Comparison of this isolate to the sequences Mo¨sch, Ch. (1995). Identification of S71-related human endogenous
of other retroviruses has shown that the HC2, which is retroviral sequences with full-length pol genes. Virology 209, 550–
560.5.9 kb in length, consists of gag–pol–3* LTR. Its genomic
AID VY 8261 / 6a25$$$102 11-01-96 05:07:28 viras AP: Virology
94 KABA´T ET AL.
Hirose, Y., Takamatsu, M., and Harada, F. (1993). Presence of env ruses, Strategies of Replication’’ (R. Swanstrom and P. K. Voght, Eds.),
pp. 153–186. Springer-Verlag, Berlin/Heidelberg.genes in members of the RTVL-H family of human endogenous retro-
Sambrook, J., Fritsch, E., and Maniatis, T. (1989). ‘‘Molecular Cloning:virus-like elements. Virology 192, 52–61.
A Laboratory Manual,’’ 2nd ed. Cold Spring Harbor Laboratory Press,Johansen, T., Holm, T., and Bjorklid, E. (1989). Members of the RTVL-
Cold Spring Harbor, NY.H family of human endogenous retroviral-like elements are ex-
Seiky, M., Hattori, S., and Yoshida, M. (1982). Human adult T-cell leuke-pressed in placenta. Gene 79, 259–267.
mia virus: Molecular cloning of the provirus DNA and the uniqueKro¨ger, G., and Horak, I. (1987). Isolation of novel human retrovirus
terminal structure. Proc. Natl. Acad. Sci. USA 79, 6899–6902.related sequences by hybridization to synthetic oligonucleotides
Swofford, D. L. (1991). PAUP: Phylogenetic analysis using parsimony,complementary to the tRNApro primer-binding site. J. Virol. 61, 2071–
Version 3.1. Computer program distributed by the Illinois Natural2075.
History Survey, Champaign.Leib-Mo¨sch, C., Brack-Werner, R., Werner, T., Bachman, M., Faff, O.,
Tristem, M. (1996). Amplification of divergent retroelement by PCR.Erfle, V., and Hehlmann, R. (1990). Endogenous retroviral elements
Biotechniques 20, 60.in human DNA. Cancer Res. 50(Suppl.), 5636s–5642s.
Tristem, M., Kabat, P., Herniou, E., Karpas, A., and Hill, F. (1995). Easel,Leib-Mo¨sch, C., Haltmeier, M., Werber, T., Geigl, E. M., Brack-Werner,
a gypsy LTR-retrotransposon in the Salmonidae. Mol. Gen. Genet.R., Francke, U., Erfle, V., and Hehlmann, R. (1993). Genomic distribu-
249, 229–236.
tion and transcription of solitary HERV-K LTRs. Genomics 18, 261–
Weiher, H., Ko¨nig, M., and Gruss, P. (1983). Multiple point mutations
269.
affecting the simian virus 40 enhancer. Science 219, 626–631.
Mager, D. L., and Freeman, J. D. (1987). Human endogenous retrovirus- Werner, T., Brack-Werner, R., Leib-Mo¨sch, Ch., Backhaus, H., Erfle, W.,
like genome with type C pol sequences related to human T-cell and Hehlmann, R. (1990). S71 is a phylogenetically distinct human
lymphotropic viruses. J. Virol. 61, 4060–4066. endogenous retroviral element with structural and sequence homol-
Martin, M. A., Bryan, T., Rasheed, S., and Khan, A. S. (1981). Identifica- ogy to simian sarcoma virus (SSV). Virology 74, 225–238.
tion and cloning of endogenous retroviral sequences present in hu- Wichman, A. H., and Van Den Bussche, R. A. (1992). In search of retro-
man DNA. Proc. Natl. Acad. Sci. USA 78, 4892–4896. transposons: Exploring the potential of the PCR. Biotechniques 13,
O’Connell, C. D., and Cohen, M. (1984). The long terminal repeat se- 258–264.
quence of a novel human endogenous retrovirus. Science 226, 1204– Xiong, Y., and Eickbush, T. H. (1990). Origin and evolution of retroele-
1206. ments based upon their reverse transcriptase sequences. EMBO J.
9, 3353–3362.Oroszlan, S., and Luftig, R. B. (1990). Retroviral proteinases. In ‘‘Retrovi-
AID VY 8261 / 6a25$$$103 11-01-96 05:07:28 viras AP: Virology
